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lNTIWDUCTION 
Ten years ago. in 1979, superconductivity was observed for the first time in an organic 
metal [1]. Today, about 30 different organic meta1s are k.nown, which become super-
conducting under pressure or ambient pressure. The organic superconductors with the highest 
transition temperatures are all radical salts of the donor bis(ethylenedithioio)-tettathiafulvalene 
(BEDT-TTF), namely at ambient pressure (BEDT-TTF)2CU(NCSh (To = 10.4 K) [2J and 
a,-(BEDT-TTF)21) (To = 8 K) [3J and under isotropic pressure IlH - (BEDT-TTF),IJ(0.5 
kbar, To = 7.5 K) 14,5J. The latter Ilwphase can even become superconducting at 8 K and 
ambient pressure, after a special pressure-temperature cycling procedure [6J, i.e. pressurization 
up to 1 khar at room temperature, and release of the helium gas pressure at temperarures below 
125 K. Nevertheless, this superconducting state at 8 K in J}W(BEDT -TTFhl3 is only 
metastable [6,7], since warming up the crystal above 125 K. and cooling down again under 
ambient pressure, results only in superwnductivity at 1.3 K, the so-called ilL - or jl-phase. 
In the following, some of the structural and physical properties of single crystals of the 
above-mentioned organic metals shall be briefly discussed. In a second pan. some new results 
and observations, such as bulk superconductivity in poJycrystalline pressed samples of the 
same materials. are presented. The remarkable fact of this finding is that it shows that organic 
superconductors can be used. in principle, for the preparation of electronic devices, such as 
SQUIDS, and might even be suitable for the preparation of superconducting cables. In 
addition. it indicates that the observation of superconductivity should also be possible in 
organic polymers. Therefore. in a final pan. we discuss the possible conditions fOT 
SUperconductivity in organic polymers, and present our first investigations on a coordination 
polymer, in which such conditions might be fulfilled. 
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Fig. 1. Structure of (BEDT-1TFlzCu(NCS}z. 
SINGLE CRYSTALS 
At the moment, the radical salt (BEDT-~Cu(NCS}z is the organic metal which has 
the highest transition temperature. Tc = 10.4 K. IOto a stable superconducting state (2,8]. 
Single crystals, preparnl from deuterated BEDT-Tn', have even higher transition temperatures 
of Il.l K [2,9) or, in some cases, up to nearly 12 K. This is certainly not due to an iso.opic 
effect, bu. probably due.o a strucrural effect, since (BEDT-1TF)2Cu(NCSl:z undergoes phase 
transitions around 100 K and 50 K (8). Unfonuna.ely, the exact struc.ure of (BEDT-
1TFlzCu(NCS}z below 50 K, for both types of crystals, the pro.ona.ed and deutera.ed one, is 
DOt yet known. 
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Fig. 2. b-axis resistivity versus temperature 
p and change in ac-susceptibility 
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(BEDT-1TF)2 Cu(NCSl:z. 
3 
. r 
I r _ , ~ /.r / n ~L. __ 
, j flJYy~· d 1 'I 
/1 \ .--.4/ \\/' a U-@~' 1fJ !r~ 7/ 
• , 
• I, 
I 
Fig. 3. Projections of the StruClure of (lOp) Ct·(BEDT-TIFhI3 and 
(bottom) ~-(BEDT-'lTFh[3 along the stacking axes. 
(BEDT-TIFhCu(NCSh is a typical quasi-Iwo-dimensional organic melal. The 
two-dimensional behavior is due to conducting sheets of dimerized BEDT-TIF molecules. 
which are separaled by nOlI-conducting anion [ayers, [n the BEDT-TTF sheelS the dimers are 
nearly orthogOllally ananged with respecllo each other [2,10], and the dimers do not form the 
usual face-Io-face piling along the stacking axis (Fig, 1). The latter property increases the 
two-dimensional character of the molecular network. An important property of (BEDT-
TfF)zCu(NCSh is that the crystals show - compared to other organic superconductors - a 
relatively sharp transition into the superconducting state. This is observed, not only in 
resistivity (Fig. 2), bUI also in the ac.susceptibility measuremenl [8] (Fig. 2) and in the 
Meissner effect [2,11] . The two latter methods have shown that superconductivity in 
(BEDT-TI'FhCu(NCS)2 is a nearly 100% bulk effeCI. Measuremenls of the upper critical 
fields have demonstraled the typical quasi·two-dimensional characler of the crystals [12,13]. [I 
could be shown that. at temperatures below 4 K. the superconducting properties can be 
described besl in the picture of layered two-dimensional superconduclors, as firsl discussed by 
KJemm et al. [14]. This piCture of layered two-dimensional superconduclors is also valid for 
the high-Tc copper oxide superconductors. and demonstrates the similarities of the principal 
structural buildup of both classes of materials. These similarities will be discussed in the 
follOwing in some more detail, for the case of the organic superconductor a,-(BEDT-'lTFhI3 ' 
Ctystals of a,-(BEDT-TTF)2[3 are quasi-Iwo-dimensional organic metals as well, which 
have a stable superconducting state at 8 K and ambienl pressure [3]. The crystals can be 
prepared by lempering crystals of Ct-(BEDT-TTF),[3 above 70'C for several days, resulting in 
a Structural phase transition. This structural transronnation was rtf'St reported by Baram et aJ. 
[15]. The structure of a -(BEDT-TTFhI3 is very similar 10 Ihe one of crystals of 
I}-(BEDT-TTF)213, as was shown by several spectroscopic methods [3,15,16]. Nevertheless, 
its exact structure is not known yet, due to the fact that. after the S[I'Uctural transformation. the 
mechanically still vcry stable crystals have a mosaic type of build-up, so that a detailed X-ray 
crystal structure investigation has not been possible up to now. The mosaic type of 
transformation can be observed at 80·C under a polarization microscope. for very thin single 
crystals of a - (BEOT -TTFhI3 • showing that the resulting single crystalline areas of 
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Resistivity versus temperature: (a, top) for a not totally transformed 
a,-CBEDT-TIF}zI3 crystal (tempering time 28 h at 7YC); (b, bottom) for a 
crystal of a,-CBEDT-TfF),I] (tempering time 40 h at 75'C). 
a,-(BEDT-TTF).I] have typical diameters of about \0 I'm. The mosaic-type build-up is a 
result of strong s""ss during the transfonnation, because the structures of a-(BEDT-TTFhI] 
and ~CBEDT-TfF),I] (Fig. 3) are quite different from each other. The BEDT-TI'F molecuf~s 
have to tum at least 3Y around their long molecular axes during the transformation. since. In 
the a-phase, between BEDT-TfF molecules of non-equivalent neighboring stacks. dihedral 
angles of 59.4' and 70.4- exist [171, in contrast to ~CBEDT-TIF}.13, where only one type of 
crystaUographicaily equivalent stack is observed [18]. Nevertheless, even if the unit cell data 
of ~(BEDT-TI'Fhll and a,-(BEDT-TIF}.IJ and the arrangement of the molecules are the 
same, the structure of a,-(BEDT-TfF),IJ cannot be exacuy the same as in ~(BEDT-TTFhI] 
(or, more comeuy, as in Il.rCBEDT-TfF),IJ), since Il.rCBEDT-TTFh~ has only a metasta6le 
superconducting state at 8 K. while crystals of ttc(BEDT-TTFhI3 have a st~ble 
superconducting state at this [emperarure. The difference in the [wo structures eXists, 
probably, only in the ordering of the terminal ethylene groups of the BEDT-TI'F molecules. 
While in Il.rCBEDT-TfF),I~all the terminal ethylene groups have the S<H:alled staggered form 
[191, in the crystals of a,-(BEDT-TTF).IJ these groups might have the so-called eclipsed 
fonn. or, even more plausibly, they might be ordered as in the a-phase, where both forms of 
ordering exist in neighboring stacks [171. 
The time needed for the transformation of the crystals from a-(BEDT -TTFhIJ to 
a,-CBEDT-TTFhIJ depends on the thickness of the crystals, and strongly on the tempera""'!. 
which should be between 70'C and lOO'C. The lower the temperature, the longer the peri"! IS 
for the total transformation, but the quality of the crystals is much better after a transformanon 
at lower temperatures, than after a transformation at higher temperatures. At 7S·C it takes 
about 3 days for the transfonnation to be completed. In Fig. 4a an example is shown, where 
the transformation is not complete. The usual metal-insulator transition of the a-phase at 135 
K can still be partially observed. Bu~ at lower temperatures, the crystal shows already a 
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metallic behavior. In addition, above 60 K a strong dependence of the resistivity on the 
direction of the temperature cycle is observed. In the direction from lower to higher 
temperatures, the resistivity of the crystal is much higher, than by cooling the crystals down 
from room temperarure. Nevertheless, after coming back to room temperature, the resistivity 
"relaxes" back to the starting value within several hours, and the cycle can be started again at 
the starting resistivity, resulting in exactly the same resistivity characteristics. It should be 
noticed that, below 60 K, the resistivity does not depend on the direction of the temperarure 
cycle. 
A similar "glassy" resistivity behavior can be observed also on fully transfonned 
a,-(BEDT-TIF)21, crystals. Fig. 4b shows the tempeI1lture dependence of the ~sistivity for a 
typical example of an a,-aystal. By cooling down the crystal from room temperature, a typical 
metallic behavior is observed. and the usual phase transition at 135 K of the a-phase cannot be 
observed anymore. Above 60 K, again, the resistivity is larger during the wanning-up cycle, 
than during the cooling-down procedure. It should be pointed out that, during the 
measurement, the temperature of the crystal was carefully controlled. In fact, it can be seen 
that the difference in resistivity between both cycles cannot be due to incorrect temperature 
measurements, since in the wanning-up cycle the resistivity of the sample becomes 50% larger, 
compared to the starting value at 300 K. Again, at room temperature. it takes several hours for 
the resistivity to "relax" back to the starting value. A typical example of such a "relaxation" of 
the resistivity is shown in Fig. 5. At the moment, the reason for the different resistivity 
characteristics is not clear. It should be mentioned that such a behavior was not observed 
before. for instance, in crystals of n-(BEDT-Tl"Fh13 or 13-(BEDT-TlF)Z!3' We assume that 
the ~-(BEDT-TIFhI3 crystals undergo a phase transition at around 60 K. since below 60 K 
the two resistivity characteristics are identical. By warming up the crystal above 60 K, the 
phase transition might be frozen in. and "relax" back to the starting structure at room 
temperarure only after several hours. ESR experiments point to such an explanation as well. 
While the ESR linewidth (Fig. 6a) is, for both temperature cycles, identical within 
experimental error, the ESR signal amplitude shows. above 60 K. a tremendous dependence 
on the direction of the temperature cycle (Fig. 6b), indicating that the susceptibility. or in other 
words the density of states, is much smaller than in the warming-up cycle. 
'1-(BEDT-'ITFh13 crystals have a stable supen::onducting state at 8 K. Fig. 7 shows the 
resistiVity of an <It-(BEDT-1TF'h.I3 crystal below 11 K, as well as the increase in resonance 
frequency of an LC circuit, due to the exclusion of the rf-field by diamagnetic shielding 
currents (ac susceptibility) by lowering the tempernture. The signal, which still increases on 
cooling, is, at 2 K, about 50 % of that expected for a perfect superconductor, and indicates a 
broad T c distribution in the sample; nevenheless, superconductivity is a clear bulk effect here. 
Fig. 8 shows the temperature dependence of the upper critical field for crystals of 
a,-(BEDT-TTFhI3' for the magnetic field pe!]lendicular and parallel to the cO-axis. It c,!" 
clearly be seen that, for the region TIT, > 0.65 (T, = 8 K), the crystals behave as 'SOtroP'C 
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three-dimensional superconductors, since for both directions the upper critical fields are 
identical. [n the region 0.45 < T I Tc < 0.65. an anisotropic three-dimensional behavior is 
found. while for T / Tc < 0.45, the material <;an be described as a typical tw(HJl.mensional 
layered superconductor [9.13]. By applying the anisotropic effective mass model of the 
Ginzburg-Landau (GL) theory, coherence lengths ~ll(O) - 120 A and ~.L(O) - 20 A, and 
London penetration depths ~(O) = 4300 A and "~(O) = 750 A were obtained. However, since 
the anisouopic GL theory is only valid sufficiently close to T • these values can give only the 
right order of magnitude. Nevertheless, the value ~i - 20 X. is comparable to the unit cell 
dimension in the c::-direction, In addition. 13C_NMR investigations [9,16,20] indicate that S.l-
might even be only between 6 and 10 A. since it was shown that the spin density (and 
therefore. (0 some degree. the charge density) is mainly located on the middle pan of the 
BEDT-lTF molecules [20]. This means that the thickness of the superconducting layer is of 
the order of the length of the BEDT-TTF molecule, supponing nicely the picture of a 
Josephson-coupled two-dimensional layered superconductor. given by Klemm el al. [14]. 
As pointed out before, a close similarity exists between the organic superconductors and 
the high-Tc copper oxides. In both materials, shan coherence lengths, of the order of the size 
of the unit cell, and large London penetration depths exist These properties are due to 
structural features and the typical quasi-two-dimensional electronic conditions. Certainly, in 
the case of the organic superconductors, minor changes and differences in the structure. as, for 
instance, a different ordering of the tenninal ethylene groups of the BEDT -lTF molecules, or a 
different symmetry of the anions, might influence strongly the superconducting transition 
temperature (for a review on BEDT-TIF radical salts see Ref. [21]). On the other hand, such 
small variations in the structure of organic materials open the chance to.obtain a larger number 
of materials with different transition temperatures into a superronducnng state; to vary these 
structural parnmeters might be a way to obtain higher transition temperatures. in the case of the 
organic materials as well. 
Besides the typical quasi-twa-dimensional str~ctur~ features .o~ t~e organic 
Superconductors and the bigh-T c copper oxides, th~ mIght eXIst ano~er sl[nll~ty betw,cen 
these two different classes of materials, namely a relanvely strong carner phonon mteractton. 
~n the case of the organic superconductors, this was demonstrated by twmeling measlJ!Cments 
In the normal [22) and superconducting [23,24) states. The latter measurements pTOVlded the 
superconducting gap. The estimated linear electron-phonon co~pling constant, A = 1 - 1.5 
[24,251. indicates a medium·to-strong interaction. while for t,he hlgh-Tc superconductors this 
value might be above 3 [26], indicating a rather strong interacnon, 
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Fig. 9. Temperature dependence of the resistivity of a polycrystaline freshly pressed sample of 
ac(BEDT -TIF)zI, (curve I. untempcred aCrer preparation). and of a sample of 
cx,-(BEDT-TIFhl, (curve n, tempered after the preparation for 3 days at 75'C). 
Nevenheless. a principal difference exists between samples of the high-T c copper oxide 
materials and the organic superconductors. The former are usually polycrystalline or granular, 
and single crystals are difficult to obtain; in the latter case, all physical investigations were done 
on single crystals. The electrochemical preparation of these organic metals results in single 
crystals suitable for physical investigations. But. since the organic superconductors have very 
shon coherence lengths as well, it should be possible to prepare pressed samples from 
polycrystalline organic metals - as in the case of the "ceramics" - which should exhibit bulk 
superconductivity. 
POLYCRYSTAllINE PRESSED SAMPLES OF ORGANIC METALS 
Polycrystalline pressed samples of the size 4 x 1 x 0.5 mm3 were prepared from grained 
single crystals (the resulting crystallites from the graining process had typical diameters of 0.5 -
10 11m) of the organic metals (BEDT-TTFhCu(NCSl" u«BEDT-TTFhl" 
a-(BEDT-lTFhI3 and ~(BEDT-TTF)21" by applying a pressure of (j to 10) x 10' kg em·2 
to the powder. These samples are mechanically very stable, and the temperarure dependence 
of the resistivity can be measured easily by the usual four-point method. For the pressed 
samples of (BEDT-TlF).,Cu(NCS~ and cx,-(BEDT-lTF)2'3' no bulk superconductivity could 
be found [27]. On the other hand, m the polycrystalline pressed sample of a,-(BEDT-TIl'},I, 
a metal-like behaviour was found over the whole temperature range between 300 and 1.3 K 
(see curve I in Fig. 9). This fact is, at least, worth noticing. since usually in polycrystallinc 
pressed samples of organic conductors only a semiconducting behavior is found (this is 
especially valid for quasi-<>no-dimensional materials). 
Since. from the single crystal investigations, it was known that small changes in the 
structure might suppress the superconductivity, it was assumed that, during the preparation of 
the polycrystalline pressed samples of (BEDT-lTFhCu(NCS), and a,-(BEDT -lTFhI" phase 
transtnons mIght occur. Therefore, newly prepared samples 01 both materials were tempered 
for 3 days at 7YC before the samples were provided with contacts and measured. While the 
sample of (BEDT-lTFhCu(NCSh again didn't show any superconductivity, in the case of 
cx,-(BEDT-lTF)2'3 a broad superconducting transition could be observed (see curve n in Fig. 
9). In addition, it was noticed that the room-temperature conductivity (l5 S em-I) was about a. 
factor of 2 larger, than for the untempered polycrystalline pressed samples of 
U,-(BEDT:TTF)2" (crystals ?f u,-(BEDT-TTF)2'3 have, usually, room-temperature 
conducDvlDes of 20-30 S em-I 1D the ab-plane). In the next step, samples from powdered 
u-(BEDT-lTF)2', material were made, and rempered for 3 days at 75'C: these polycrystallin< 
pressed sam~les of ~\(BEDT-TTF)2IJ showed a resistivity behaviour, and a broad 
superconducnng ~slnon, !D0I7 or less Identical to that of the sample, whose resistivity 
versus temperature IS shown In Fig. 9 (curve 10. Fig. 10 presents the temperature dependence 
of the resistivity (normalized at 12 K) for such a prepared sample of a -(BEDT-TTFhl,. 
together with .the resistivity of a crystal of cx,-(BEDT-lTF)21,. In both s';"ples, the onset of 
superconducnVlty IS found near 9 K. In conrrast to rhe crystal of cx,-(BEDT-TI1'hI" rhe 
t04 
superconducting transition in the polycrystalline sample is much broader. Zero resistivity is 
found at 2.2 K, and the middle of the transition appears at aoout 5.5 K, while in the case of the 
crystals of a,-(BEDT-TI'F),I, zero resistivity appears already at 6 K. and the middle of the 
transition occurs at 8 K. 
In order to ascenain, whether the superconductivity observed in resistivity is a bulk effect 
of the sample or not. the ac-susceptibility was measured at a frequency of 3 MHz, with an 
rf-field of aoout 0.2 Gauss. Fig. 11 shows the increase in resonance frequency of the 
LC-circuit, due to exclusion of the rf-field by diamagnetic shielding currents, together with the 
resistivity of a polycrystalline pressed sample of <X,;-(BEDT-1TFhI~. There is a clear evidence 
for an onset of diamagnetic shielding below 7 K. This behaVlor is in contrast with the 
observations usually made in single crystals of organic superconductors, where the temperature 
for the onset of diamagnetic shielding is observed at the temperature, at which the resistivity 
reaches zero. Here, in the polycrystalline sample, the onset for the diamagnetic shielding is far 
above the temperature at which the resistivity becomes zero. The signal (increase in resonance 
frequency), which still increases on cooling to 2 K, corresponds to about 50% of that for a 
perfect superconductor, indicating a clear bulk effect of the superconductivity in the 
polycrystalline sample of a,-(BEDT-TIF)2I,. On the other hand. the large temperature range. 
in which the frequency shift of the resonance frequency is observed, shows that an 
inhomogenous distribution of superconducting transitions exists in the sample. This broad 
distribution might be due to the annealing procedure during the preparation of the a, phase. 
An interesting question is whether the upper critical field Bc2(T) of the polycrystallinc 
pressed sample of a,-(BEDT-TIF),I, is similar to that of the crystals of a,-(BEDT-TIF)~I,. 
Fig. 12 shows the nrst preliminary measurements of the upper critical field of a polycrystallme 
pressed sample of cx,-(BEDT.TI'F),',. together with B,n of a crystal of a,-(BEDT-TIF),I,. 
The upper aitical field of the JX>lycrystalline pressed sample seems to be much higher than that 
of the crystals, but more extended investigations, up to higher magnetic fields, have to be done 
(it should be noticed that T, = 8 K for the crystals. and T, = 5.5 K for the pressed samples). 
Nevenheless. it would be not surprising if the polycrystalline pressed samples have higher 
upper critical fields than the crystals. During the pulverization process. and by applying a 
pressure of nearly I kbar to the powder during the preparation of the sample crystal, 
imperfections might be created in the crystallites,leading to additional piMing centers. 
Since structural phase transitions during the preparation of the polycrystalline pressed 
samples of organic materials seem to play an imponant role, some additional in~estigations 
were done. Fig. 13 shows resistivity versus temperature data of a polycrystallme pressed 
sample of a-(BEDT -TI'Fhl), together with the resistivity characteristics of a sin~le crystal?f 
a -(BEDT-TI"F),I,. The polycrystalline pressed sample of a-(BEDT-TrF),I, snU shows. m 
the temperature range between 300 K and 180 K, a metallic behaviour, but the sharp 
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Fig. 13. Resistivity versus temperature of a polycrystalline pressed sample of 
a -(BEDT-TI'F),I, and of single crystals of a -(BEDT-TI'F}zI,. 
metal-insulator transition, observed for the single crystal, cannot be seen any more. Instead, a 
very broad transition into a semiconducting state is found, and at 4 K a conductivity of about 
0.5 Stem is still observed. while the single crystals of a-(BEDT-TI'F}zI, are insulating at this 
temperature. This behaviour of the polycrystalline pressed sample of a-(BEDT -TTFhI1. 
demonstrates again, that phase transitions might occur in these materials during the preparation 
of such pressed samples. TIlis might also be of some importance for the preparation of pressed 
pellets for IR investigations of all organic conductors. In order to discriminate, whether the 
phase transition in the polycrystalline pressed sample of «-(BEDT-TIF)1.13 occurs already 
during the graining process, or later by applying the pressure of about 1 Kbar to the powder, 
the ESR linewidth of a powder of a-(BEDT-TTFhl,. a polyerystalline pressed sample of 
IX-(BEDT-TTFh~. and of the same pressed sample after tempering for 3 days at 75" C 
(a,-(BEDT-TIFhl,). was investigated. The results of these studies are compiled in Fig. 14. 
The ESR linewidth of the powder of a-(BEDT -1TFhI~1 f~)sponds, more or less, to the 
averaged ESR linewidths of a single crystal of a-(BEOt- 21, (28). Especially. the phase 
transition at 135 K can still be seen. In the case of the polycrystaline pressed sample of 
a-(BEDT-TIFhl,. the linewidth at room temperature is smaller. and. as already observed for 
the resistivity, the sharper phase transition of the single crystal does not occur anymore. In the 
case of the tempered pressed sample, the ESR linewidth and its temperature dependence are 
more or less identical to those of crystals of a,-(BEDT-TIFhl, or ~-(BEDT-TTFhl, [3.28]. 
As a result of these ESR investigations, it can be said that. in the case of the polycrystalline 
pressed sample of 1X-(BEDT-TTFhl). the phase transition in the material is caused by the 
applied pressure during the preparabon of the sample. A similar phase transition probably 
OCcurs also. when the samples are prepared directly from «cmaterial. Therefore, 
polycrystalline pressed samples, which are prepared directly from the «cmaterial, do not 
beeome superconducting if they are not tempered again after the preparation . 
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Fig. 14. Temperature dependence of the ESR linewidth of unpressed powder of 
IX-(BEDT-TIF)2I,. of a polycrystalline pressed sample of a-(BEDT-TI'F}zI,. 
and of the same sample after tempering (a,-(BEDT-TI'F}zI,). 
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Fig. 15. Resonance Raman scattering. using different laser excitation frequencies at 1.3 K 
{3010f: (a: left) a polycrystalline pressed sample of a·(BEDT-TIFhI) (prepaItd 
from powderul a-crystals and then tempered). (b: right) of a polycrystalline pressed 
sample of a.-(BEDT-TTFhI,. where the surface of the pellet was polished with a 
razor blade (see text). 
In order to obtain some more information about such phase transitions. which occur 
under pressure during the preparation of the polycrystailline pressed samples, resonance 
Raman investigations, in particular on the most intense vibrational symmetric stretching roode 
of the 1)- anions, were eamed oul Earlier measurements on single crystals of a -, ar and 
~(BEDT-TfF)2!J [29] had shown that the resonance Raman spectra are very sensitive to the 
symmetty of the I)-anions. The symmetric stretching mode of the linear symmetric I)-anions 
usually is found at higher energy by about to em-I, compared to the asymmetric and 
non-linear 13- anions [29]. In the resonance Raman spectra of the polycrystalline pressed 
sample of a-(BEDT· TIFl,I" symmetric. linear and asymmetric 1,- anions are observed (30] . 
This indicates that the pressure, during the preparation of the samples, defonns the 1)+ anions 
partially. A similar result can be observed for the polycrysta1line pressed samples which wae 
prepared directly from powdered aL-crystais. and not tempered after the preparation. In 
contrast to t!tis finding, the resonance Kaman spectra of the tempered polycrystalline pressed 
samples of ac(BEDT·1TFhl) (which become superconducting) show only the streu:hing 
mode of the linear and symmetric I)· anions (see Fig. 15a), indicating again the hlgh~r 
symmetry and higher order of the sttucrure. In order to demonstrate how sensitive thIS 
sttucture is, in a Cunha experiment, me surface of a sample was polished with a razor blade. 
Again, the resonance lines of the linear symmetric and asymmetric 1)+ anions wefC observed 
(s~e Fig. 15b), while the fCsonance Raman spectra of the same sample, but just cut in. the 
Dllddle, had the same spectra, as that of the sample presented in Fig. 15.. A more detailed 
analysIs of the resonance Raman srudies is given in Ref. [30] in these proceedings. 
The most swprising observation was made by measuring the temperature depe~dence of 
the resistivity of polycrystalline pressed samples of /l-(BEDT-TIl'hI, (in the followmg called 
~p-(BEDT-TTFhI,) [311. Without tempering. the samples showed an onset of super-
conductivity at 9 K, zero resistivity at 3.2 K, and the middle of the resistive transition at 7.5 K 
(Fig. 16). This observation is surprising. because single crystals of /l-(BEDT-TIl'hI, show, 
rather sharp, stable superconducting tranSition, but only at 1.4 K L321 (onset tempc:ra~ 1.6 
K), and a metastable superconducling state at 8 K [4-71. as described before. Here, In the 
polycrystalline pressed samples of P",,"(BEDT.TIl'hI~. the superconducling state is stable. an
6
d) 
• bulk effect of the sample, as seen trom the measured change of the ac susceptibility (Fig. I .' 
corresponds at 2 K to about 50% of that expected for a perfect superconductor. Again, bere,.1ll 
the polycrystalline pressed sample of Pp-(BEDT-TTF)1I~. the onset for the diarn.gnene 
shielding is far above the temperature. where the resiSbvtty becomes zero, and the large 
temperature range, in which the frequency shift of the resonance frequency is observed. 
shows that an inhomogeneous distribution of superconducting transitions exists in the sample. 
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17. Temperature dependence of the resistivity of a polycrystalline pressed sample of 
a,-(BEDT-TIF),13 and P.-(BEDT-1TF),I,. 
The room· temperature conductivity of the polycrystalline pressed sample of 
!l.-(BEDT-TIF),13 ranges berween 5 and 10 S ern· l • which is about a factorof2 smaller. than 
10 the pressed sample of a,-(BEDT -1TF),I,. Fig.17 shows the typical temperature depend-
ence of the resistivity of a pressed sample of Il.-(BEDT-TIF),!3 and of a,-(BEDT-TIF),I,. 
It can clearly be seen thal the resistivity characteristics of ilp-(BEDT-TIF),I3 differ remarkably 
from that of the pressed «c(BEDT-TIFhI3. While the resistivity of the ucsampJes 
decreases upon cooling from room temperature (like in a metal). in the P.-(BEDT-1TF)2I} 
samples the resistivity iltst increases slowly on lowering the temperature. At around 220 K. 
the temperature at which an incommensurate structural modulation in single crystals of 
~-(BEDT-TIF),!, occurs [331. a maximum in resistivity is observed. Below 220 K. the 
reSistivity decreases again. It should be mentioned that tempering of the polycrystalline 
pressed samples of Pp-(BEDT-TIF),!3 for I to 3 days at 75"-90-e does not change the 
physiCal properties of tne samples. 
The resistivity of the polycrystalline sample of ~p:(BEDT-TIFJ,!3 indicates. that the 
detailed struCture is different from that of the polycrystalline pressed a,-(BEDT-TIF),13' and 
different from single crystals of J.\-(BEDT-TTF'h.[3' even if the unit cells are identical. and the 
molecular arrangement in the materials might be very similar. A possible difference might lay, 
t09 
again. in the ordering of th~ tenninal ethyl~ne ~ups of the B~DT-TTF molecul~s . . The 
assumption. that both matenals do not have Identtcal structures. IS supponed by prehnunary 
measurements of the upper critical fields Be2 of polycrystalline pressed samples of 
~ -(BEDT-TTFhI, . Fig. 18 shows the upper critical fields of pressed samples of 
~·-(BEDT-TIFl,Il and a,-(BEDT-TIFl,IJ . The B" of the Il.-sample is clearly higher than ural of the ~-samp c. Measurements at higher magnetic fields are in preparation. 
For both types of polycrystalline pressed samples. a,-(BEDT -TTF),I, and 
1l.-(BEDT-TIFhl,. again as in the case of the crystals of a,-(BEDT-TIF),I,. above 60 K a 
strong dependence of the resistivity on the direction of the temperarure cycle is observed. 
Below 60 K, the resistivity is identical in both cycles. Fig. 19 compares the resistivity data for 
a temperature cycle for ~.-(BEDT-TIFhI,. By warming up the sample. the resistivit)' 
becomes nearly twice larger than the starting room-temperature value. Just as for 
a,-(BEDT-Ti"FhI,. the resistivity of the sample of 1l.-(BEDT-1TF),I, "relaxes" back to the 
starting value. at the end of the warming-up at room temperature, within a few hours. The 
explanation for this behaviour is probably the same. as for the crystals of a,-(BEDT-TfFhI,. 
As in polycrystalline pressed a,-(BEDT-TTF)~I,. in pressed samples of 
Il.-(BEDT-TrF),1, a pressure-induced structural phase transinon plays an important role. As 
a consequence or the structura1 phase transition in (\,-(BEDT -TI'FhI). the superconducting 
transition temperature is increased. This behavior re-emphasizes that organic superconductor.; 
might also be of interest for industrial applications. since polycrystalline materials are easier to 
use than single crystals. In addition. the discovery of bulk superconductivity in large pressed 
samples of crystallites of organic metals. of the typical diameter of 1 J.Lm and below. indicates 
that the observation of superconductivity in conducting polymers should be possible as well . 
Fig. 18. Upper critical fields B ,(T) of 
polycrystalline pressed samples of 
PD-(BEDT-TIFhl, and 
a,-(BEDT-TIF),I,. 
• 
3 
SUPERCONDUCJ1VITY IN CONDUCIlNG POLYMERS? 
\ 
. , 
. The question Jl!ise~. under ~hich c~>nditions superconductivity in conducting polymers 
~ght ~cur. We will di~uss thiS ques~on only in the picture of the usual electron-phonon 
1J!teracD.on, and not ~nslder other poSSible mechanisms or interactions. Investigations ~ 
smgle crysta1~ C?f ~~IC ~tals. s~ggest that high symmetry is advantageous. in order to obtain 
sUpercOndUC:UVlty, (It IS not unplicltly necessary to have such a high symmetry for an individual 
molecule, Since It was demonstrated that also unsymmetrical donor molecules can form 
structures, which become superconducrirtg [34]. but, for instance two or more molecules s~ouJd f~ a srr.nmetric unit, which repeats in the structure), ]n addition, it was shown that 
disorder In the anton channeb [351. or disorder of molecular groups [231 (e.g. ethylene groups 
of, BEDT-lTF molecules) rrught lead to lower superconducting transition temperatures. or 
might even suppress the superconductivity totally [36,37], Therefore. structures of high 
110 
symmetry are favorable for superconductivity. On the other hand. such conditions arc difficult 
to achieve in organic conducting polymers. Nevertheless, we have seen that, in the case of a 
medium or even strong electron-phonon coupling, as in the single crystals of the BEDT-TfF 
radical saIts. the coherence lengths can be of the order of only 10 A; this means that it would 
only be necessary to have ordered and symmetrically structured areas, in such conducting 
polymers, of diameters of 10-30 A. 
Such symmetric units might be connected by other. non-symmetric or disordered 
polymer units, which are not superconducting. They might have even a length of the order of 
100 A. Due to a proximity effect and/or a Josephson coupling between the syrrunetric and 
ordered units, it still would be possible to obtain bulk superconductivity in the polymer. 
Therefore. besides small, symmetric, and ordered polymer areas, the main condition for 
superconductivity would be a medium to strong electron-phonon coupling, and therefore shon 
coherence lengths. In the case of weak electron-phonon coupling. and long coherence lengths. 
superconductivity in conducting polymers presumes large ordered symmetric JX>lymer areas, or 
long ordered chains. In the case of medium or strong electron-phonon coupting and shon 
coherence lengths, the chains in the polymer must not be very long. But it would be 
advantageous. if such chains would be coupled in two, or even three, dimensions . 
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Fig.19. Temperature devendence of the 
resistivity of a polycrystalline 
pressed sample of 
1l,,-(BEDT-lTF}zI, in a 
cooling-down and a warming-up 
temperature cycle. 
Since BEDT-TI'Fradical salts are environmentally quite stable, we synthesized metallic 
coordination polymers [381 with BEDT-TTFn:lated ligands. 
METALUC COORDINATION POLYMERS 
One main problem, hampering the technical applications of organic conducting polymers 
up to now, is their environmental and thermal instability. Metal ions can be introduced to 
stabilize polymeric backbones. Because of the enormous coordinating ability of sulfur to many 
transition metal ions, a polymeric carbon· sulfur backbone. similar to BEDT·TIF and TTF 
units. was used in order to obtain coordination polymers. 
As reponed earlier [39-421 CS. can be reacted to thiapendione, which can be convened 
into ethylenetetrathiolate (IT). by cleavage with strong chemical bases. Additionally, 
thiapendione can be "dimerized" to bis(1,3-dithiole-2·onc)tetrathiafulvalene, which can be 
convened into tetrathiolatotetrathiafulvalene (ITF-TI1. again by a cleavage reaction with strong 
bases. Both tetrathiolates react with transition metal ions, like nickel(ll) or copper(D). to fonn 
coordination polymers which are remarkably inen, chemically as well as thermally [38]. The 
reactions. and their fmal products. are schematically summarized in Fig. 20. Fig. 21 shows a 
schematic picture of the possible coordination between different chains. 
In the ease of nickel (M = Ni) m = 0 and p = O. The polynuelear eompound contains, 
formally, nickel(IV) without counterions. Using eopper(Il) as metal ion, a Cu(III)/Cu(I) 
mixed-valence solid with m = I and p = 1 is obtained. 
. The compoWlds. which are obtained as powders, c.an be press~. to compact pellets. 
which show conductivities up to 150 S curl. The electncal conducnvlty of some of these 
materials varies only slightly, in the temperature range between 4.2 K and 400 K (Figs. 22, 
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Tetrathiafulva1ene-tetrathlolate 
(TTr-TT) 
tt-TT 
M-TTr-TT 
Fig. 20. Schematic description of the synthcsis of "polymer" metallClI1lthiolatcs, starting from 
CS, (M = Ni, Cu, ..... ). 
Fig. 21. Schematic picture of the possible 
coordination between different 
polymeric chains. and the coordination 
between metal ions and sulfm'. 
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23). Thermopower measurements indicate a metallic character of these solids [42.43J. 
Principally, the conductivity of the isolated TT -derivatives is lower (2·1 S em-I). compared 
with the TfF-IT compounds (40-150 S ern·t). 
A comparison between equivalent nickel and copper compounds shows that the copper 
species usual1y conduct better than the nickel derivatives. which are much more stable 
environmentally, cornpaned to the coppercornpounds. The higher stability of the nickel species 
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may be explained by the surprising fact. that these materials are obtained in an electrically 
neutral "undoped" state. The conducting mechanism is not dear yet. Nevertheless, the 
envirorunental stability of all these coordination polymers is at least 100 times bener, than 
polypyrrole. Both polymer> have heen investigated unaged and aged (24 - 120 days at 80'C in 
humid air) [38.44J. It is remarkable that Cu-TfF-IT has a room temperature conductivity of 
about 100 S em-I, and nearly no temperature dependence of the conductivity down to 4.2 K 
(Fig. 22). On the other hand, it should be stressed that, up to now, D.QID;. of the investigated 
coordination polymers become superconducting. Further investigations. and several chemical 
variations, such as doping of these coordination polymers, are necessary. 
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